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ABSTRACT 

In a study of peer collaboration among children, the 
case is made for treating the dyad, rather than the individual, as 
the unit of analysis • Subjects included 154 children aged 5 to 9 
years from a broad range of social classes • Children worked in 14 
problems (representing 6 types of problems) predicting the movement 
of a balance beam. Children were either not paired with a partner or 
paired with a partner of equal, lower, or greater ability to perform 
the task* Results were examined for an individual member of the dyad 
or for the dyad as a unit^ When the individual was treated as the 
unit of cuialysis, data indicated that children paired with a partner 
of greater ability tended to improve on their pretest scores, while 
those with a partner of lower ability tended to regress in their 
thinking • However, the scores disguised whether the more competent 
child raised his or her partner to the higher level, or the less 
competent partner was more convincing and caused the more comE>etent 
partner to regress • Factors that uncover the true pattern of results 
are products of the dyadic interaction: the types of rules and 
reasoning employed, and the inter subjective understanding attained • 
To make sense of these findings, the dyad must be the unit of 
analysis. Four tables present study data, A 23-item list of 
references is included. (SLD) 
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Peer collaboration: 
The case for treatii^ the as the unit of analysis 
Introduction 

Scholars have becaiie increasingly interested in the effects of social 
influence on cognition over the course of the last decade. Ihe theorGticil 
iirpetus is a good deal older, however, and may be found in the writings of 
vygotsky, Baldwin, Dewey, Mead, Bandura, and even in some of the early 
writings of Piaget (Tudge & Winterhof f , 1991) . The direction of effects is 
not considered to be unidirectional in any of these theoretical positions— 
that is, that the individual is not solely influenced by the surrounding 
social world but also exerts an influence on it. This position is to be found 
in clearest fonn in Vygotsky 's writings; vygotsky embodies the most 
"transactional" notion—that there is an interpenetration of individual and 
social/cultural world that blurs any distiiiction between the two: "A normal 
child's socialization is usually fused with the process of his maturation. 
Both lines of developanent— natural and cultural— coincide and merge one into 
the other. Both series of changes converge, mutually penetrating each other- 
to form, in essence, a single series of formative socio-bio logical influences 
on the personality" (Vygots}?/, 1983, p. 22). Piaget, despite spending most of 
his life describing the ways in which individual development occura, also 
viewed the child's interaction with the external world (vvhether physical or 
social) as dialectical in nature (Piaget, 1959, 1977, 1983) . Tl^e sa^iie is true 
of Bandura; although his enpirical research (and that of his studenTs) focuses 
almost entirely on the ways in which the social world influences individual 
development, his theoretical construct of "triadic reciprocal deteminism" 
clearly stresses the bi-<iirectional nature of influence (Bandura, 198 6) . 

If we are to do justice to these theoretical demands of bi- 
directional ity or to the transactional nature of development, the question 
arises as to the unit of analysis to be used. One method is to acJ-Tiowledge, 
for theoretical reasons, that influences are two-A-ay in nature, but to choose 
to focus on one mcnJaer of an interacting dyad, triad, or system. This 
technique certainly has the advantage of allowing easy statistical analysis; 
our most prized statistical techniqt as require independence of the units of 
analysis. Another strategy is to focus upjn each member of a dyad in turn, 
examining the sequences of behavior or speech. This technique has the 
ad-zantage of treating the dyad as an interacting unit, although each piir 
member continues to be viewed as conceptually distinct, with the unit of 
analysis again being the individual. Sequential analysis may be the most 
a^prxDpriate statistical tool to use in this case. 

An alternative approach is to treat the dyad as the unit of analysis. 
This fulfills theoretical requirements (particularly following V>'gotsky) , but 
opens the que?^tion of how to code the dyad as a whole. Relatively less 
helpful techniques are simply to sum or average the scores of each interacting 
Dartner, or to use correlational techniques. The problem with the summing or 
averaging techniques is that there is no way of differentiating between 
partners who, on a 5-point scale, are coded as 1 and 5 in one case, 3 and 3 in 
arother. The problem with correlations is that there is a danger of not 
distinguishing between dyads whose members both score one in one case, both 
five in another. 
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jResearchers interested in the iinpact of osllaboration on ccxgnitive 
developanent have typically focused attention upon the least canpetent partner 
(typically a child) . Hhus scholars influenced by vygotsky have examined the 
effects of teachers or mothers on children who are trying to solve a problem 
(Newman, Cole, & Griffin, 1989; Tharp & Gallimore, 1988; Valsiner, 1984; 
Wertsch & Hickroann, 1987), or have corpared the inpact on children of working 
with an adult or with an older child (Ellis & Rogoff, 1982; Gauvain & Rogoff, 
1989; Radziszewska & Rogoff, 1988). Similarly, neo-Piagetian researchers have 
concentrated on the non-<x)nserving member of conserver/non-cx3nserver pairs 
(Ames & Murray, 1982; Doise & Mi^y, 1984; Perret-Clermont, 1980). The 
performance of this "target" child may then be subsequently analyzed and 
reported. Ihis practice fulfills statistical requirements of independence of 
the units of analysis, and is justified v*ien one is solely interested in an 
adult's inpact on a child or a tutor's influence on a tutee. 

However, in collaboration between peers the esqaected direction of 
effects my be less clear and the processes whereby collaboration influences 
development may be disguised when analysis focuses upon only one member. In 
this case, the only valid unit of analysis may be the dyad itself — one that 
"possesses all the basic dTaracteristics of the whole " (Vygotsky, 1987, p. 
46). The work of Forman and her collaborators (Forman, 1987, in press; Fcrman 
& Cazden, 1985; Forman & McPhail, in press) is a notable exception to the 
prevailing tendency in the developmental literature to focus solely upon one 
member of a dyad; her extensive research with ycxing children and adolescents 
has treated the dyad as the unit. Forman has relied on transcript, rather 
than statistical, analysis to examine collaboration in action. 

Methodology 

Sample . Participants consisted of 154 children aged from 5-9, from a 
btocid range of social classes. 

Task . Siegler's (1976) mathematical balance beam task was used. The 
children worked on 14 different problems, exemplifying 6 types of problem, in 
which they had to predict the movement of the beam given various 
configurations of weights and distances frx3m the fulcrum. The pattern of 
predictions across the 14 problems determined which of 5 different rules 
(levels of thinking) the children used. 

Procedure . 

1. Individual pretest 

2. Treatment (one week after pretest): 

a) no partner; 

b) equal partner, in wtiicJi each child was paired with a partner (same 
age, same gender) V'hu was eqolly competent; i.e., who had used the same 
rule at the time of the pretest; 

c) lower partner condition, in which each child was paired with a 
partner (same age, same gender) who was more competent; i.e., v^o had 
used a higher rule at the time of the pretest; 

d) hi(^er partner condition, in which each child was paired with a 
partner (same age, same gender) who was less conpetent; i.e., who had 
used a lower rule at the time of the pretest. 

Disagreements in prediction during the paired session were followed by pair 
discussion until resolution. At no time was any feedback given. 

3. 1st individual posttest (one week after treatment) . 

4. 2nd individual postt^t (one month after treatment) . 
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In this paper, I shall cotpare two alternative ways of dealirig with 
dyads collaborating to solve mathesratical prdolems. First, I shall portray 
the results as typically presented, treating the individual as the unit of 
analysis. To retain independence of the units, one ineinber of each dyad was 
randcsnly drof^sed from the analyses. Across the entire sample the results were 
clear (see Table 1) : lower partners (children paired with a partner wJio had 
used a higher rule) on average ijnproved at both posttests. However, the 
hi^er partners, on average, regressed in their thinking and the regression 
was as stable a phenaoenon as the iinprovement. The effect of treatment 
condition was consistently hi^y significant (2 <.002) and cannot be 
attributed to regression to the mean— irrespective of how high or low their 
initial scores were lower partners, on average, ijrproved whereas the higher 
partners, on average, regressed. 

The second way of desding with the dyad is to treat the dyad itself as 
the unit of analysis. Treating the dyad in this fashion revealed a very 
different picture frxan the one portrayed above. The results will be presented 
initially in terms of the outocanes that are possible for any dyad: both could 
inprove on their pretest scores, one could inprove while the other retains the 
same rule, etc. Nine such outocanes are possible, but in this data set all but 
two of the 56 dyads fell into one or other of the following five outcome 
patterns; both declined, the less conpetent member retained the pretest rule 
while the more conpetent member declined, both retained the same rule, the 
more conpetent member retained the same rule while the less conpetent member 
inproved, and both inproved. 

As is shown in Table 2, members of equal rule dyads were most likely to 
continue to use the same rule during the treatment and at both posttests^ 
?ithou^ many equal rule children declined. C3iildren in these dyads, in fact, 
performed similarly to children \A)0 worked without a partner. This pattern of 
findings suggests that working with a partner who thinks about the problem in 
the same way as oneself is not likely to lead to development. The pattern of 
results for the members of unequal rule dyads was very different, however, 
with virtually all children falling into a bimodal distribution in which 
either the more conpetent partner persuaded the less conpetent partner of the 
correctness of his or her thinking or the opposite happened, and the less 
caipetent partner was more persuasive. The pattern of rule use at the time of 
the treatment was, in most cases, still in place at each of the two posttests. 

The bimodality of results for the unequal rule dyads can only be 
e^qjlained by attending to the processes of interaction themselves. Three 
factors are of particular inportance: (a) the types of dyads (as judged by the 
particular niles used by dyad members) ; (b) the reasoning to which children 
were exposed in the course of the paired session; and (c) the intersubjective 
understandirq gained during the course of the paired session - 

The types of dvads . Two different dyad types can be distinguished among 
the equal rule group, and four among the unequal nile group, as a function of 
the nature of the rules used. TWo of the naes (Rules 2 and 4) allow children 
to predict all problems with ease, whereas the remaining three rules (Rules 1, 
3, and 5) do not allow such straightforward prediction. (For more details of 
the rules, see Tudge [1989].) As is seen in Table 3, the only situation in 
which one or both partners inproved consistently was the pairing of a more 
conpetent child who used a rule that allowed easy prediction with a less 
conpetent child who used a rule that did not allow such straightforward 
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prediction ("high certain-low uncertain" dyads) . In cases in which the 
situation was reversed ("high uncertain-low certain" dyads) , regression of the 
irore conpetent child was as likely as develcpnent of the one who was initially 
less ccsipetent. Ihe same was true for those pairs both of v>*iom used a rule 
that allowed for ease of prediction ("both certain" dyads), and for those both 
of whcsn used a rule that did not allow strai<^tforwana prediction ("botli 
uncertain" dyads) . 

Reasoning heard . To explain why sane partners regressed in their 
thinking while others improved it is necessary to examine the type of 
reasoning that each dyad member introduced into discussion. Despite the fact 
that pairs were formed on the basis of the ccstpetence that they had displayed 
at the pretest, it was not always the case that a pair meinber exhibited his or 
her pretest reasoning during the paired fiiase when faced with a partner '.v-hosG 
reasoning was at a Icwer level. Occasionally they simply accepted the 
reasoning of the less conpetent child. Not surprisingly, less competent 
children did iKit benefit from this collaboration. In contrast, in other 
paired sessions one or other pair member actually exhibited reasoning at a 
hi^er level than either partner had used during the pretest— typically under 
conditions in v*iich they were trying to work oat their disagreements in 
prediction. 

Intersubiectivitv attained . Simply hearing reasoning at a higher level 
than a child had tised at the pretest was somewhat predictive of posttest 
scores; hcwever, the crucial factor was not sinply hearing such reasoning but 
coming to adopt it during the oairse of the paired session. The shared 
understeuiding or intersubjectivity attained during the paired session was 
hic^y predictive of posttest scores for both menbers of the dyad, and washed 
out the effects of sinply hearing higher reasoning - 

Reverting to an individual unit of analysis, analysis of covariance 
(using the pretest score as the covariate) was used to test the extent to 
which reasoning heard and reasoning adopted was predictive of posttest scores. 
At the time of the first posttest, both reasoning heard (F^ = 2.93, p <.05) 
and reasoning adopted (F^ ,09 = 37.19, p <.0OOl) contributed 'significantly to 
the posttest score, contifolling for each other and for pretest score. By the 
time of the second posttest, however, sinply hearing reasoning different from 
that used at the pretest had no significant effect upon the posttest score 
(f^iCB = 1.51, E >'2), v*iereas the effects of attaining interoobjective ■ 
imderstanding were still clearly associated with posttest score (F^ ,^6 " 21.94, 
E<.0001). 

The inpact of adopting a new level of reasoning as a result of 
collaborating with a partner can most easily be seen in Table 4. Adopting 
reasCTiing that was the same as had been used at the pretest only rarely led to 
a change in rule use at either posttest. Adopting reasoning at either a 
hi(^er or a lower level during the paired session was highly associated v;ith 
improvement or decline at both posttests. 

Conclusion 

When treating the individual as the unit of analysis, the data indicate 
that children who collaborated with a more conpetent partner tended to inprove 
on their pretest scores whereas those whose partner was less competent tended 
to regress in their thinking. Both development and regression were equally 
stable, the effects still clearly apparenc one month later. However, these 
simple group scores are misleading, serving to disguise the fact that either 
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the more cxsipetent child was able to raise his or her partner to that higher 
level or that the less cxmpetent partner proved more ODnvincing, v*iereupon the 
more ccmpetent partner regressed. Ilie factors tliat allow us to make sense of 
the true pattern of results have to (to with differences in the types of 
unequal rule cfyads (the nature of the rules that the dyad members used) , 
whether or irot reasoning appropriate to each child's pretest rule was actually 
brought up diuring the paired session, and the shared reasoning or 
intersubjective understanding that was attained by the end of that session. 
To maJce sense of these findings, tr^ting the individual as the unit of 
analysis is cleaurly inajprc^riate? the dyad must be considered the unit of 
aralysis. 
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Table 1: Tteating the individual as the unit of analysis* 



Coidition 




SD 


N 


Individuals 








treatment 


-0.10 


0.B9 


41 


1st posttest 


-0.20 


0.93 


41 


2nd potest 


0 


0.90 


38 


Ecaaal nile partners 








treatment 


-0.21 


0.71 


19 


1st posttest 


-0.26 


0.56 


19 


2nd posttest 


-0.37 


0.83 


19 


Ii::v7er laartners 








treatment 


0.84 


0.90 


19 


1st posttest 


0.68 


0.89 


19 


2nd posttest 


0 68 


0.89 


19 


Hioher Dartners 






18 


treatinent 


-0.72 


1.18 


1st posttest 


-0.72 


0.96 


18 


2nd posttest 


-0.65 


1.06 


17 



Tt\e effects of treatment cx?ndition : 
Treatment: I^sr ~ £ <.0005 

1st posttest: F^'g7 = 5.39, p <.002 
2nd posttest: F^'g^ = 5.03, p <.002 

'Results expressed as a change fron pretest score, where 1 signifies 
inprovement of one rule, -0.5 a decline of half a rule, etc. 



The effects of dyads having different rules or the same rule* 



Dyad types 



Treatment 



1st txDsttest 



2nd TX^sttest 



Unequal rule 
dyads (nF=35) 



Equal rule 
dyads 
(n=19) 



Unequal rule 
dyads (n=34) 



Equal rule 

dyads 

(n=19) 



Unequal rule 
dyads 
(n=33) 



Equal rule 
dyads 
(n=17) 



UyclQlC CXIvjCCSIiSS 
























1 ^ 1 

1dm 1 


X / . o 




/ 1 \ 


(5) 


/ 1 \ 

(1) 


(4) 


(4) 


/ox 
(3) 


More ccsipetent 














roeniber declines. 


37.1 


10.5 


41.2 


15.8 


21.2 


11.8 


less cxHipetent 


{13) 


(2) 




(3) 


(7) 


(2) 


stay^ 
















2.9 


47.4 


8.8 


57.9 


12.1 


58.9 


Both partners 


(1) 


(9) 


(3) 


(11) 


(4) 


(10) 


retain saine rule 














Less ccunpetent 


40. 6 


0 


44.1 


0 


48.5 


5.9 


inember iiip roves. 


(17) 


(0) 


(1^) 


(0) 


(16) 


(1) 


more conpetcnt 
stays^ 




























8.6 


15.8 


2.9 


5.1 


6.1 


5.9 


Botli partnrn*!'^ 


(3) 


(3) 


(1) 


(1) 


(2) 


(1) 


iwprovc 















NOtGS 

Results cxprosscd as ly^racntiiqcs ot tiic dyadic outcomcf; f or e.jch ty^^? of dyaci (Nr> in p^'in^ntheses) , v-liere 
Rules 1, 3, and 5 incorporate r.ome drx^roo of uncertainty^ aiv.] I^iilc 2 and 4 allw straight ton^viiTl prediction 
of all probleiBS. 

^ 'iha 5 nK)st conmon dyadic outcomes (2 unoqiia] nile dyads conprcxnised) • 

^ For scma rule dyads, one partner dcK^lincx:!, tiio other continucxi to use tJie s^imc^ t-ule. 

^ For same rule dyads, one i^rtJier improvod^ tJie otlier continued to use tlie rkiine nile. 
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Table 3 

Dyadic caitocares at the time of the treatment for members of equal rule dyads* 

Equal Rule Dyads Unequal Rule D^^ds 



Dyadic outccanes* 



Both partners 
decline 

One partner 
declines, other 
stayed* 

Both partners 
retain same rule 

One partner 
inproves, other 
stays^ 

Both partners 
inprove 



Both Certain 
2-2 or 4-4 
(n=ll) 



9.1 
(1) 



9.1 
(1) 

63.6 

(7) 



0 
(0) 



18.2 

(2) 



Both Unc 
1-1, 3-3 or 
5-5 
(rt=8) 



60.0 
(4) 



12.5 
(1) 

25.0 

(2) 



0 

(0) 



12.5 
(1) 



High C-Lcw 
Unc Dyads 
4-3 or 2-1 

(n=6) 



0 

(0) 



0 

(0) 
0 

(0) 



83.5 
(5) 



16,7 
(1) 



High Unc-Low 
C Dyads 
5-4 or 3-2 

(n=12) 



0 

(0) 



41.7 

(5) 

8.3 

(1) 



bO.O 

(6) 



0 



Diff rules 
both Unc 
5-3 
{n=5) 



20.0 
(1) 



20.0 
(1) 

0 

(0) 



60.0 
(3) 



0 

(0) 



Diff rules 
both cert 
4-2 

(n= 12) 



0 

(0) 



58.3 
(7) 

0 

(0) 



25.0 

(3) 



16.7 
(2) 



Notes 

" Resijlt^s expressed as {-ercGntaqcs of ti^a dyadic out.comes for (vich tyyie of dyaci (Ns in parcntJieses) , where 
Rules 1, 3, and 5 incon>^rate some dooreo of uncx?rtainty, l^\\o 2 and 4 oIUa-/ i:trai(|htiorv/aixi prediction 
of all problems. 

^ Hie 5 nioGt common dyadic outcomes (2 unequal rule dyads comi:>romisGd) . 

^ For saine rule dyads, one partner declined, tiic otJier continucxl to use the same i-ule. 

^ For same rule dyads, one partner inproved, the other continued to use the saiTO rule 
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Table 4 

Level of reason^ jg adopted at treatment by outcosnes at both posttests' 



First Posttest 



Second Posttest 



Level of reaso: — t 
adopted at treatment 

lower level 
reasoning adopted 
(H = 31) 

Saina le\'el 
reasoning adopted 
(H - 56) 

Higher level 
reasoning adopted 
(N = 23) 



Decline 



80-6 

(25) 



7.1 

(4) 



0 

(0) 



Stay 



19.4 
(6) 



89.3 

(50) 



21.7 
(5) 



Inpncjve 
0 

(0) 



3.6 

(2) 



78.3 
(18) 



Decline 



70.9 

(22) 



7.3 

(4) 



0 

(0) 



stay 



22.6 
(7) 



80.0 

(44) 



21.7 

(5) 



Improve 



6.5 

(2) 



12.7 

(7) 



78.3 

(18) 



Notes . 

* Results expressed as percentages of children declining from pretest rule, using the same rule, or 
inproving from pretest rule, according to whether they adopted lower level, same level, or higher level 
reasoning during the treatment (paired) session. (Ns are in parentheses, below.) 
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